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THE ELEGrROLYSIS OF POTASSIUM LEAD TARTRATE SOLUTIONS. 
Kahlenberg and Hillyef have shown that lead oxide 
(PbO) dissolves in neutral potassium tartrate to form a 
strongly alkaline solution in which the ratio of potas-
sium to lead is 1:1. Since this solution shows a very 
low concentration of lead io~ it might be expected to 
give a smooth and adherent cathode deposit~ The purpose 
of this thesis is to determine its possible applicability 
as a refining electrolyte. 
The solutions used for the work were made up as 
directed by Kahlenberg and Hillyer by dissolving litharge 
in potassium tartrate. The litharge dissolved readily 
but left a residue of a red powder. This residue was an-
alysed for Pb02 by titration with potassium iodat: but 
was found to oontain no peroxide: it is probably a red 
allotropio form of PbO. 
(~) 
EXPERIMENTAL. 
~mposition yolta~e of the solution, 
The solution used for this work was 0.5 molar 
with regard to lead. The apparatus used was an adap-
tation of that described by Bancroft~ in which a volt-
meter,placed in parallel with a known resistance which 
could be varied. was used instead of a milliammeter. A 
high sensibility galvanometer was substituted for the 
high resistance millivoltmeter. The general arrange-
ment of' this apparatus is shown in Diagram 1. 
The current from the battery b was sen~ thru 
the potentiometer p by which the voltage could be va:-
ried at will. The cell 0 which consisted of 8 bottle 
-
with two eleotrodes, was oonneoted in series with a 
\ 
resistance box whioh could be made either 10 or 100 
ohms (R);aoros8 the resistance a voltmeter was shunted 
....... 
which was used to indioate the current. The galvano-
meter (G) which was a high sensibility D'Arsonval with 
..,.,. 
an internal resistanoe of 1180 ohms was connected in 
parallel with the oell and in series with the graphite 
resistanc: (R) of approximately 9xlO" ohms. The re-
"'" 
sistance of the graphite spiral was determined by the 
use of a potentiometer and standard resistanoe as shown 
in Diagram \2) .. --- _______________ - ________ 1 _______ ~ •• ________________ _ 
~ In making so high a resistanoe the use of lac-
quer was found impracticable sinae all the laoquers 
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Diagram 2 
The voltage of the battery (~) was read with the 
voltmeter (1) and the current passed into the potentio-
meter (~), with switch in position(.~.Jthe potentiometer 
was adjusted 80 as to give a reading on scale with the 
standard resistance (j) in series. The voltage and de-
fleotion were read and the current was then sent thru 
the graphite resistanoe by placing switch in position(~) 
and tne potentiometer again adjusted so as to give a 
reading on soale. The voltage and deflection were then 
read. The resistanoe was caloul~ted by the formula 
where R is the known resistance and V and D the voltage 
and defleotion read with the known resistance iO series 
R is the graphite resistance and V and D are the voltage 
and deflection read with the graphite resistance in series 
Results: 
Known resistance + resistance of G • 11880 Ohms 
Voltage V -- - -
Defleotion D - - -
•• 002777 Volts 
• 17.93 om. 
Voltage V - - - - - - ~ - - • .2777 Volts 
Deflection D - - - - --- - • 2.29 om. 
Then R • 9.238 x 10' Ohms 
unlacquered resistanoe,if placed on glass, varled-o-n---
account of the moisture condensed on the surface. The 
plan finally adapted consisted in placing the mark on 
ground glass in a dessicator over calciuIJ chloride wi th 
oontacts led in thru a cork. 
(£) 
The galvanometer was calibrated by a potentiometer 
and a battery the voltage of which was determined by a 
voltmeter. The apparatus is shown in diagram 3. 
The voltage of the battery (B) was read on the volt-
meter (V) and passed into the potentiometer (p). Various 
fraotions of the total voltage were taken by means of the 
potentiometer and the deflection for each voltage read on 
the galvanometer (G) The results were 
Voltage Def.to red Def.to black 
2.777 22.95 23.02 
.2777 2.29 2.31 
.5554 4.59 4.57 
.8331 6(.'85 6.92 
1.1108 9.13 9.24-
1.3890 11.45 11.49 
1.9439 16.28 16 .. 04 











The plot of the above values is shown in diagram(~. 
The tangent oaloulated from the diagram is 0.1207 and 
henoe one galvanometer division is equal to .1207 volts. 
A test run on the apparatuB was made with normal 
sulfuric acid. The eleotrodes were of platinum wire. 
Reaults:-
current GalT. ourrent Gall'. 
.001 a.o .060 10.0 
000 5.8 .075 10.26 
000 7.2 .080 10.6 
(7) 
R. 









current Galv. currant GalT. 
000 8.1 .095 10.9 
.001 8.4 .110 11.3 
.007 8.6 .140 11.8 
.022 9.0 .160 12.0 
.030 9.2 .200 12.5 
.035 9.3 .250 12.8 
.040 9.5 .320 13.25 
.050 9.7- .400 13.6 
The plot of the above figures is shown in diagram 5, 
from which we see that the dBCOmposition vo1taea of 
normal sulfuric acid is about 8.25 galvanometer divi-
sions or .995 volts. 
A test was made with lead acetate with platinum 
electrodes with the following results:-
ourrent Galv. current Ga1v. 
.000 1.6 .06 10.2 
.000 2.5 .075 11.0 
.000 3.7 .08 11.6 
.000 6.3 .09 12.05 
.002 6.7 .10 12.5 
.01 7.2 .12 14.1 
.015 7.6 .14 14.85 
.02 7.85 .16 15.35 
.03 8.6 J18 15.6 
.04 9.0 .20 15.8 
.05 9.8 .24 18.0 
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The plot of the above values is shown in diagram 6 • 
The first break at 6.8 divisions corresponds to the 
deposition of metallic lead while the second at 13.5 
divisions corresponds to lead peroxide. 
The decomposit ion Qf.~Q.t..~eJlillnLlQ.ad_tJ1I:t..rate 
between~iiUYm electrQ~. 
The solution used was .5 molar. The results 
were:-
current Galv. current Ga1v. 
.000 1.7 .51 17.8 
.000 4.4 .675 18.1 
.OC;O 6.1 .SO 18.9 
.000 8.0 .90 19.25 
.000 9.5 1.0 19.6 
.01 10.5 1.1 20.3 
.02 10.9 1.2 21.1 
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The plot of the above values is shown in plot number 7. 
The break at 11 galvanometer divisions shows the first 
ion discharge which takes place at 1.3 volts. By ob-
servation it was noted that this point mar~ed the depo-
sition of lead on the cathode, and lead continues to be 
deposited alone up to 14 galvanometer divisions or 1.68 
volts. At this point peroxide is deposited on the a-
node. This point on the diagram is shown by a sudden 
laree rise in voltaee due to the e.m.f. of the lead-
lead peroxide cell which soon polarizes and the voltaGe 
again drops. The decomposition volta~e of .5 molar 
potassium lead tartrate then is 1.3 volts. It will be 
noted that the voltage at which lead comes out differs 
by ~ .36 volt from the voltaee at which lead perox-
ide comes out~ with a soluble anode,then,the peroxide 
should be deposited at .36 volt,which is the case as 
shown in the following experiments. 
TIle decomposition of ~otassium lead tartrate with 
a soluble lead anode and a platinum cathode. 
The apparatus and solution used were the same as 
in the preceeding experiments. The results were:-
current Galv. current Galv. 
.01 .6 .80 15.1 
.05 .7 .90 15.8 
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CurrenT 
current Galv. current Galv • 
• 20 1.15 1.1 18.5 
.30 12.0 1.22 17.4 
.40 12.6 1.3 17.8 
.50 12.9 1.38 17.9 
.60 13.5 1.5 18.1 
.70 14.1 1.62 18.4 
The plot of the above values is shown in diagram (8\ 
The first break at .36 volt shows the point of depos~ 
ition of peroxide,at voltages below this only lead is 
deposited. The break at 2.22 volts indicates the de-
position of lead carbonate on the anode, the drop in 
voltage at this point is due to the increased resis-
tance caused by the carbonate. 
A run was made with 5x5 em. eleotrodes in order 
to more nearly approach working conditions. The solu-































The plot of the above values is shown in diagram\~. 
The point where the peroxide oomes out ia at .36 volt 
as in the previous experiment but more current can be 
foroed thru the cell beoause of the larger e1eotrodes. 
lIISS()(7}tI SeHO{)l, ()l~ ~IINES 
Currc"r. 
Ilectrolysis of potassium lead tartrate with 
alloy anodes. 
(a) With hard lead anode. 
An alloy of 2q% antimony and 8q% lead was made 
and used as an anode in a cell with a lead cathode. 
The maximum Toltage was .4 volt and the current den-
sity was .04 ampere for electrodes 3x5 om. The eleo-
trolysis was allowed to run 18-20 hours without stir-
ring,at the end of whioh time the solution and cathode 
deposit were free from antimony. The anode was cov-
ered with a blaok slime of metallic antimony. 
Another run was made on the same alloy using a 
higher electrode potential and antimony WBS found both 
in the solution and oathode deposit. 








and used 88 anode in a oell with a current density of 
about .08 ampere per 3%5 cm.electrode. !he eleotrode 
potential was about .7 Tolt. The solution and oathode 
(.to) 
deposit were free from all the metals exoept antimony. 
Experiments on current efficiency. 
(a) Effeot of stirring when current density is below 
the point for the deposition of peroxide. 
Two oells each with 5x5 om. electrodes were con-
neoted in series with a oopper ooulombmeter. The oa-
thode and anode of eaoh oell was weighed before and 
after the eleotrolysis. 
Time of eleotrolysis 90 minutes 
Copper deposited .190 grams 
Strength of solution about .5 normal 
Current .107 amperes 
e,11 1 without stirring 
lead deposited on oathode 
lead dissolved off anode 
.612 grams 
.372 
L088 of lead from solution - ---------.240 
cathode ourrent effioiency 
anode ourrent efficienoy 
0,11 2 with stirring 
lead deposited on cathode 





Gain of solution in lead ------------ • 038 
oathode current efficiency 








Note: no anode slime or peroxide was formed in either 
cell and the cathode deposit was smooth and adherent. 
Conclusions: If the electrolysis is conducted 
without stirring, the solution gradually beoomes im-
poverished in lead, while if the solution is stirred 
it beoomes more oonoentrated inlead. 
(b) Effeat of deposition of lead peroxide on cathode 
current effioienoy. 








The anode was covered with peroxide; hence the deposi-
tion of peroxide does not effect the-cathode current 
efficiency. 
Hote: Several experiments seem to show that when per-
oxide is deposited on the anode and the solution is 
not stirred the current effioienoy is aboTe lOq%. 
Effect of Jllectrolysis. on the c..9.mlli'sit ion and 
oo~y~ntrali9~ of the electrolyte. 
(a) When no peroxide is deposited. 
time of electrolysis 8 hrs. 
lead in 100 00. of sol. before eleotrolysis 2.12 g. 
" " " " 
t, 
" after " 2.44 " 
gain in lead .32 tt 
g. of tartaric aoid in sol. before eleotrolysis 1.80 g. 
tt ., 
" " " 
tt after " 1.80 " 
loss in tartaric acid 0.00 " 
(b) When peroxide is deposited. 
time of electrolysis 16 hra. 
lead in 100 ce. of sol. before eleotrolysis 2.12 g. 
" " 
,. n 
" " after " .93 " 
108B of lead _ ... - ... 1.19 " 
g. tartaric acid in sol. before eleotrolysis 1.80 tt 
" " " " " after tt .92 " 
lois in tartaric acid 
·97 " 
Conolu8ions: If the current density is kept below the 
point where peroxide is deposited the solution becomes 
more concentrated in lead and no tartaric acid is de-
stroyed. If, how8Ter; the ourrent density is allowed 
to rise above the deposition pOint of the peroxide the 
solution becomes impoTeriBhed in leAd and tartaric is 
used up. The tartario acid is oxidized to oarbon di-
oxide, giTing a white preoipitate at the anode of lead 





1. Within a range of vol tage from 0,.,00.-- 0.35 lead 
may be deposited on the cathode with 8 fairly smooth 
solution of the anode, but when the voltage rises above 
O.3Q peroxide is deposited on the anode causing poor 
" 
anode efftciency and 8 poor cathode depolit. This ran~8 
of voltage ii so small as to render the current density 
ne'ces.ary to procure it out of consideration for prac-
tical purposes. 
2. Impurities in the anode do not materially affect 
the current density at which the peroxide is deposited. 
3. \-7ith a current dlaBity auff,lo11nt11 low to prt-
•• nt tho pr,otpltatioD of peroxide practioally a~l im-
purities are kept out of the electrolyte and deposit. 
When the ourrent density rises above this antimony is 
dissolv.d and deposited but the deposit and eleotrolyte 
are free from Ag, Bi, As, Zn, Cd, Cu, etc. 
4. The current yield is about 98 - 99 % when the 
current density is kept below the point for the depos-
ition of peroxide but when the current density is above 
this point the current yield is erratic. 
5. The strength of the electrolyte is not materially 
affected when the current density is below that nesaess-
ary for the deposition of peroxide however when it is 
above this point the tartrate is rapidly oxidized. 
6. From a small amount of work it is bel.tved that 
a fairly adherent and solid deposit can be obtained, but 
more work is necessary on this point. 
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